Global variations in the incidence of pediatric cancers have been described; however, the causes of such differences are not known. We investigated the relationship between the incidence of embryonal tumors and human development index on a global scale. Increasing incidence of neuroblastoma correlates significantly with an increasing index of human development, with greater incidence among countries with high socioeconomic development, in apparent contrast to the incidence of retinoblastoma. While more data are needed to corroborate this observation, our findings suggest new avenues for etiological research and serve as a call for support of population-based cancer registries in low-middle-income countries.
INTRODUCTION
The interaction of environmental exposures and germline predisposition may play a significant role in the development of childhood cancer.
Our understanding of cancer incidence and biology, however, derives largely from the study of populations from resource-rich countries, limiting the full capture of all socioeconomic landscapes. To understand how variations in exposure and germline susceptibilities may impact the development of childhood cancers, data from children in lower income settings must be considered in these analyses. 1, 2 Among high-income countries, neuroblastoma has been described as the most common extracranial solid tumor, with an incidence in the United States of 10.7 per million among children ages 0-14, approximately 7% of all childhood cancers. 3 The incidence rates of retinoblastoma and Wilms tumor in the same population are lower at 4.0 and 8.3
per million, respectively. 3 Among many low-and middle-income countries, in contrast, neuroblastoma has been noted to be relatively rare. 4 Abbreviations: HDI, human development index; IARC, International Agency for Research on Cancer; SNP, single-nucleotide polymorphism; SEER, Surveillance, Epidemiology, and End Results Program Our institutional experiences with global oncology programs prompted us to explore these differences, and emerging data appear to corroborate these observations. In Guatemala, for example, the incidence of retinoblastoma appeared notably higher than in the United States based on the data from the main tertiary referral center for pediatric cancer. 5 Between 2000 and 2007, neuroblastomas comprised only 1.5% of all cancer diagnoses, while retinoblastomas and renal tumors represented 10 and 4.0%, respectively. 6 While ethnic and racial differences may play a role, these observations prompted us to consider whether a correlation between the incidence of neuroblastoma and human development existed on a global scale. We used data from the second volume of the International Incidence of Childhood Cancer 7 and the human development index (HDI) to investigate the correlation between socioeconomic status and the worldwide incidence of extracranial embryonal tumors. Table S1 ). Registries without corresponding HDI information (n = 8) or incidence rates (n = 7) were excluded from this analysis. Correlations between incidence and HDI were performed using Spearman rank correlation coefficient.
METHODS

Incidence
To examine whether variations in common polymorphisms across populations may contribute to global differences in tumor incidence, we compared incidence with allele frequencies of 13 neuroblastoma and six Wilms tumor risk single-nucleotide polymorphisms (SNPs) [9] [10] [11] [12] [13] [14] [15] within a subset of nine countries represented in both the IARC registries and the 1,000 Genomes (phase 3) dataset 16 (Supplementary   Tables S2 and S3) .
RESULTS
Incidence rates of neuroblastoma showed a direct relationship with HDI (r = 0.81; P < 0.001; n = 39) (Fig. 1A) . In contrast, incidence of retinoblastoma was unrelated to HDI (r = -0.122; P = 0.45; n = 41) (Fig. 1B) . The incidence of Wilms tumor (Fig. 1C) showed a correlation between HDI and incidence similar to that of neuroblastoma (r = 0.6; P < 0.001, n = 41). HDI and incidence rates are shown in Supplementary   Table S1 .
Risk allele frequencies for neuroblastoma and Wilms tumor risk
SNPs were not significantly associated with incidence after correcting for multiple testing, with or without controlling for HDI (Supplementary Table S2 ). Nonetheless, the positive association between incidence and HDI in the subset of nine countries remained significant for neuroblastoma (r = 0.82; P = 0.011), although the association was of only borderline significance for Wilms tumor (r = 0.65; P = 0.067).
DISCUSSION
Herein we demonstrate correlation between the incidence of neuroblastoma and HDI. Neuroblastoma is enriched in areas of high HDI, while retinoblastoma does not show this pattern. Underlying socioeconomic conditions are likely contributors, as HDI is a composite measure that includes life expectancy, anticipated education, and national standards of living. We hypothesize that the interplay of perinatal and early life environmental exposures combined with germline predisposition likely contributes to this observation.
Although no significant correlations between SNP allele frequency and incidence were observed, the analysis was limited by the availability of only nine matched registries with SNP data. Nonetheless, the positive association between incidence and HDI remained significant among this subset.
The trends observed could also be related to underdiagnosis of neuroblastoma given its frequent presentation as an intra-abdominal mass. Wilms tumor, with similar age at diagnosis and presenting signs and symptoms, was included in our analysis to address this. Given the similar trend observed with Wilms tumor, we are unable to rule out this possibility. Another potential limitation of such a study is the possibility of ecologic fallacy, that is, children in the registry may not have been exposed to the country's HDI.
The IARC dataset used in this study was chosen as it represents the most comprehensive currently available database using standardized criteria for data inclusion. While the publication of Volume 3 is highly anticipated, at the writing of this report, only Volume 2 data were available for analysis; thus, HDI statistics were chosen to approximate the same time period. While we acknowledge that updated data are clearly needed, it will be informative to see how the incidence of these cancers evolve over time and to examine the impact of development. Similar associations and anticipated transitions have been described among adult-type cancers. Colorectal cancer, for example, has been shown to be overrepresented in areas of very high HDI, whereas infection-related cancers have been shown to be negatively associated with HDI, with projected changes in areas with economic transition. 17 Other studies have examined the incidence of neuroblastoma by race/ethnicity. A Children's Oncology Group study, for example, demonstrated that blacks and native Americans had a higher prevalence of high-risk disease compared with whites, suggesting the presence of biological factors affecting disease. 18 We would be remiss not to acknowledge other limitations of the dataset used. Small numbers, for example, are expected to be less stable, and we were unable to capture regional differences in HDI. However, these data are beginning to emerge. Regional variations in cancer incidence have been described in Brazil, where cities with higher socioeconomic development had significantly higher neuroblastoma and lower retinoblastoma incidence, with a reversed phenomenon seen in cities with lower socioeconomic status. 19 Similarly, fewer diagnoses of neuroblastoma and renal tumors have been described in higher poverty counties using Surveillance, Epidemiology, and End
Results Program (SEER) data within regions of the United States. 20 Examining the interaction of environmental and germline factors may provide critical insight into our understanding of cellular transformation and tumorigenesis. Pediatric tumors may be particularly informative, given the relatively short time to tumor formation. To fully understand the determinants of these cancers, a broader examination of the global landscape considering geography, ethnicity, and economic development are essential. Population-based cancer registries will undoubtedly be an important investment toward a fuller understanding of pediatric carcinogenesis.
